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PREFACE

The Electric and llvhrid Vehicle Test was conducted bv the US Ariy Mobility Equilp-
ment Research and )evelopment Commniand (I ERAD l)( A )M) Umder ite guidance of the I's
Department of Energv ()(.)

Michael E. JoIIonII oDf VSE (orltralion itas respsl)ihle for aspects of calibration of
the signal conitioninig circlils and recotording instriitnll it s well as data tabulalions.
pdotting. and ireparation of the report.

(ompter progranuning and some data labulalions and plols, were nade 1). * )ai id Sc ll

and Arthur Nickless of the Sstenius T echnology & Management Division. Maiagcmen

Information Systems I)irectorate. MIERAI)( )M.

James A. Queen and (Calkin T. Bushrod of the Environmental & Field l)iisiio. Pro-
duct Assurane, & Testing l)irectorate. assistel in vehicle op-ration and dala colle tion.
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METRIC CONVERSION FACTORS _

Approximate Conversions to Metric Measures -

Symbol Whom Ye Knew Multiply by To Find Symbol

LENGTH

in inches 2.5 centimeters cm
ft feet 30 centimeters cm -4 -
yd yards 0.9 meters m
mi mi lea 1.6 kilometers km

AREA

in
2  square inches 6.5 square centimeters cm

2

ft2  square feet 0.09 squar, meters m
2

yd2  square yards 0.8 square meters m
2

mi
2  square miles 2.6 square kilometers km

2

acres 0.4 hectares ha

MASS (weight)

oz ounces 28 grams g
lb pounds 0.45 kilograms kg

short tons 0.9 metric tons t
(2000 Ib) -

VOLUME

tsp teaspoons 5 milliliters ml
Tbsp tablespoons 15 milliliters ml _--

II oz fluid ounces 30 milliliters ml ca
c cups 0.24 liters L
Pt pints 0.47 liters L
qt quarts 0.95 liters L
gal gallons 3.8 liters L
ft3  cubic feet 0.03 cubic meters m3

yd 3  cubic yards 0.76 cubic meters m3  
-

TEMPERATURE (exact)

oF Fahrenheit 5/9 lafter Celsius C

temperature subtracting temperature
32)

i en - 2.54 cm (exactly) .
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-Approximate Conversions fromMtiuMaue
= CQ

Symbol Whom You Know Multiply by To Find Symbol

________LENGTH

________ millimeters 0.04 inches in
____cm centimeters 0.4 inches in

-m metoes 3.3 feet ft
m nmtr 1.1 yards yd

-kmn kilometers 0.6 miles mi

AREA

_______ msquare centimeters 0.16 square inches in

_____in square meters 1.2 square yards d
2 square kilometers 0.4 square milesmi

=ha hectares 110 000 in
2 ) 2.5 acres

- -MASS (weight)
-C4

- ggime 0.M3 ounces o1

- kg kilograms 2.2 pounds lb

tmetic tone (1000 kaj 1.1 short tons

________VOLUME

_______ ml milliliters 0.03 fluid ounces ftI oz

- L Iliters 2.1 pints p

L iters 1.06 quarts qt

-L liters 0.26 gallons gal
in

3  cubic meters 36 cubic feet ft3

in cubic meters 1.3 cubic yards yd3

TEMPERATURE (exact)

* c Celsius 9/5 (then Fahrenheit F

temperature add32) temperature

OF

- s -OF 32 96.621
-40 0 40 so 120 ISO. 200

- - I. ,~ . .i .*I .~ *5 *~ . i .~ i

1 -40 -20 0 20 l0 60 6 6

ix



BASELINE TESTS OF THE ELECTRA VAN

MODEL 1000 ELECTRIC VEHICLE

1. SUMMARY

The Electra Van Model 1000 is a vehicle manufactured by Jet Industries Inc.; 4201

South Congress Ave, Austin, Texas 78745. The vehicle was tested under the direction of
the US Army Mobility Equipment Research and Development Command (MERADCOM)

between 20 September 1978 and 28 November 1978. The tests are part of a Department

of Energy (DOE) project to assess the state-of-the-art of electric vehicles and to verify

manufacturers self-certifications that vehicles offered to DOE site operations meet DOE

performance standards.

The Jet Electra Van 1000 is a Dodge Van converted to an electric vehicle which can

hold two passengers plus cargo. The vehicle does not have regenerative braking.

The parameters, symbols, units, and unit abbreviations used in this report are given in

Table 1. The results of the tests are summarized in Table 2.

II. INTRODUCTION

The vehicle tested and the data presented in this report are in support of Public Law
94-413 enacted by Congress on 17 September 1976. The law requires the Department of

Energy to develop data characterizing the state-of-the-art with respect to electric and
hybrid vehicles. The data so developed are to serve as a baseline to compare im-

provements in electric and hybrid vehicle technologies, to assist in establishing per-
formance standards for electric and hybrid vehicles, and to guide future research and

development activities. This vehicle was also tested to verify that it complied with DOE
performance standards published in the Federal Register 30 May 1978.

The US Army Mobility Equipment Research and Development Command (under the
direction of the Electric anti Hybrid Research, Development, anti Demonstration Division
)ffice: Transportation Programs; D()E) has conducted track tests of electric vehicles to

measure their performance characteristics. The tests were conducted using a DOE test

prowedure "ER)A-EIIV-TEP." described in Appendix E of MERADCOM Report 2244.'
U.S. customary units were used in the collection and reduction of the data and then were
converted to the International System of Units for presentation in this report.

I E. J I)J. ngiallo. Jr.; C. E. Baile. Jr.: I. R. Snellinp; and W. !H. Blake: "Bawline Tets 1f the EVA Melr

Ile'tri, Parener Vehicle." MEIRIiOM .pmrl 2214 jMay 1978).
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Table 2. Summary of Tests of the Jet Electra Van 1000

Range Test Range Power Road Energy Energy Economy

(km/h) (mi/h) (kin) (mi) (kW) (MJ/kin) (kWh/mi) (MJ/kin) (kWh/mi)

40 25 71.6 44.5 11.1 0.933 0.417 1.56 0.697

55 34 40.4 25.1 18.1 1.13 0.505 2.51 1.12 a

38.4 23.9 2.70 1.21a

48.7 30.3 16.8 1.13 0.507 2.14 0.958

70.8 44 35.8 22.2 24.4 1.27 0.566 2.62 1.17

"B" Cycle 48.2 30.0 2.68 1.20 b

56.8 35.3 2.28 1.02

53.0 32.9 2.30 1.03

Accleration: 0 to 50 km/h (31.2 mi/h) in 15.0 s @ 100-percent charge.

Gradeability Limit: Start and climb a 26.5-percent grade for at least 20 s, based on
calculations from a drawbar pull test in first gear at 80-percent DOD. Based on calcu-
lations from gear ratios, and without taking wheel slippage into account, the vehicle
has a reverse gear gradeability limit of 31.5 percent.

Gradeability at Speed: At 25 km/h can traverse a 13.8-percent grade based on calcu-
lations from acceleration tests.

a These runs are included for completeness and because of problems encountered are not considered indicative

of vehicle performance.
b This test was run with batteries which displayed problems and which were replaced following the test.

3



Ill. OBJECTIVES

The objectives of the track tests were to determnire v'ehicle andl comlponlent

chiaracteristics and efficiencies. The characteristics of interest are-:

%*ehicle SI-eel.
Range andi (. nstant Speed.
Range- Over Stopo-aud-(o IDriving Schedules.

;radca~bilit% Lim~)it'.

RoadI lmergvy ( onunilpt ion.
Road Poi~er.

Birakinig ( apsabilitv.
Rlteri C haracteristic.

R'. DJESCRIIPTIO( N OF 'lEsT VEIfICLE

Theli Jet Iiidastries Electra %'an 11MM) is ani electrified IDodge Van. designed to hold( two
piassenger, lphis cargo 4 Figure I . Tlhe batteries. configured as three packs (if 6. 8. and 10)
(24 total). are GlIobe IUnion batteries prodlucing a nomiinal 144 V. 150 Ali. Two packs are
located undler the rear dleck in the cargo section of the ian (Figures 2 andl 3: Figure 2
shows configutration). These 1 ,acks are placedi to balance Witli a heavy ladder which is or-
diiiarily miounted oil the left side of the vehicle. The finial pack is locatedl along witl. the
drive mnotor in the inside front ouf the vehicle (Figure 4). Figure 5 shows the front of tihe
vehicle Withi the hoodl open. The controller electronics and front batteries are shown in
Figure 6. The interiour of the van is the sanme as a stock van except for state-of-charge.
voltage and current meters. Also. there is a safety interlock, the "energize" button so
labeled on the dashboard, which miust bie pushed after turninlg thie ignition key before the

armngreayis negiedand tile prplso circuits beoe "live." (Figure 7) Tihe
starter buttoni for the gasoline-fired heater is also located onl thet dlashboard (Figure 8).

The vehicle has a standard three-speetl manual transmuission which is coupled to a
(;tiral Electric. series-wound. 115.9 kg (255-1b). d.c. miotour. which prodluces 20.9 kg'
(28 lip)) 0@ 39(M rlnmin. The SCII controller, also manufactured by~ General Electric. has a
variable current rating of (M to 3150 A. The vehicle has an off-board Lester charger,
w hich operates from a 220-V source, and can prodluce a peak charge current of 34) A. It is
cijuipped0 with a I 2-hour recharge tiner.

Thie vehicle has front-wheel-disc. rear-wheel-drum brakes and dloes not utilize
regenerative braking. For further details, see Appendix A.

4



Figure 1. Jet Industries Electra Van 1000.
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Figure 3. Battery packs located under the rear deck of the cargo section of the van.

II

Figure 4. Drive motor, heater, and battery pack located in the inside front of the van.
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Figure 5. Front of vehicle with hood open.

Figure 6. Controller electronics and front battery pack.



Figure 7. Front dashboard with safety interlock "energize" button.

Figure 8. Gasoline-fired heater starter button in the center of the dashboard.



'nit' Electra Van was instrumented to measure vehicle slieeI anid ranlge. batter" %oltage.

current. -instantaneous" powe'r. and averaged power. Thew Iatter, chiarger inpidl ill a.'..
kilowatt-hiours and ouitput inl d.c. ampiereN also were mneasured. Blten vlectrokite
tdnim-Mrattures were ineasuireeI with tliermoe~ieers. A brief ilcscriptiion(of the idmlt rumeta-
[iota systema follows:

Instrumnitation consisted (of signkaI-cond~iti4mIing circumits and I magnetic tap.c recorder
for recording atialog signals of electrical parameters. Dectails on the recorder are gi~enl ill
Appendix It (of M ElA I U M Report 22,14.2 The recorder was oedrated ill the frequenvici
mdtulationf mode at 4.763 (-n. ( 1.875 ili.) per second. vhe signal-condlitioning virciit to

the re'orde'r rimsisted of a maain battd'rv-voltagealdivider. it hutnt-vodage anqifivr fdir cu1r-

sinice the recdordler responise %as less than 0.3 d111 didwil at 5W0 11. A voltage proportional it)
hattem ipo~er w as proeld by' the instantaneous mnultipdicarnon of %iltages projiortliotial
to htevotagre and current. Voltages proiportionlal it) current andf 1 ,ower %ee leodi
rec'Orded raw and electrontically averag'ed. The raw valuies include ibe rapid %ilvhiiig

traie~dnts alssolciatedl % ith the soli-state controller. TIhe overall d.c. mieasuirement erro is
estimated to lie less than + 1.8 percent for power~'. niis includes digitization fronm the
field-recordled, analog mtagnietic tape' Ito a cnjtr4nptild.digit izeel magnetic liN.
The measurement error (if the i arious 4dlndlitidlnitig circniits (-all I- lbrolken do4i~n a
follows: current siunt (+~ 0.25 pervelit). current ampilifier (A I percent). imiliplier

+ 0.25 piercent). magnetic tape- recordler ( =I 1 percet). lit additioni i44 these erroirs.phs
d1eterioratioln starts to4 lie significant a1144v4 3 k liz when the miultip~lier is ddhInihi4'ed 14ith

anl averager I + I percent): and. finally, the maa i g-to-digital comverter at 104 bi0 aRmd l1114
conversions per seconde didl not4 initoduce all, significant error.

Adiagram (of fte elect ric-porfopulW4sitn ssten %ith thme instrumentatio.n 'sesrs 6sho it4441
inl higire 9. A Laboralorv Equnipment Co.4rporation1 Tracklest Fifth Wherl i% itli the M4NI,'l
DD )1. 1 Ele'ctronics lDigital Sliced Meter anid tihe Moilel 1)12.1 Electronic I igital I istacee
Meter was utsed duariuig the track tests. A tachodmeter generator was conuietel ItoP the fifth
wheel to) record vlocity ande calculate dlistance4 traveled. The fifth wheel and aiixiliarie's
weighed abiout 18.6 kg (41 no4. The fifth wheel was calibrated liv rotating ft- %heel 401l a

edhnstant-slM'eei. fifthi-wheel c'alibratoir cirnim nountied l ) te shaft 4)f a sytichroimi~s a..
motr.rh aetray f heveoctyre'adings wswithini percent (if the reading.

Velocity wats redcorded onl I Lockheed Store 7 magm-l'ic tapie recoirder.

F;I-..ric Pa-np,~r ME %1kIN~ .A) M H,..ri 22t I N.4I I 47Md.

9
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Batterv electrolyte temnperatures anid specific gravities were mleasuredl manualli efore
and after the tests.

Power for the fifth-wheel instruments was providedl by the vehicle. auxiliarN. 12-V SIJ
b~attery. The power for lte magnetic tape recorder andl signal conditioning instriment
package was supplied front a battery pack.

All instruments were calibratedl before conmmencing state-of-the -art (S( Aj testing Hith)
checks before each test.

The current into the lbatterv andl the energy into lte battery charger were measuredl
while the battery was recharged after each test. The current to the boattery was recordedl on
a flew left Pac'kard 71MOB strip-chart recordler. Trhe current measurement usedl a

(1-A-1l00-nV curret shunt. Thle energy dleliveredl to thle charger was measuredl %~ith a
Sanganto Electric Type J-tS (CU(M single-phase. residlential. watt-hour umeter.

V1. TE~STr PROCEDUIRES

When lte vehicle was detlivered ito M ERAIW( )M. thle lpretest checks glemcribemil in
MERADCO M Report 22,tt' were conductedi. Vehiicle preparation and te-t jiricetltires are
coveredl ill Appendix B. There was a shakedown nut to faumiiliarize the dfrivcr with thei
operating characteristics of the vehicle and to verify proper opeiratioin (of all instIrumvunta-
lion systems. All tests were run in accordlance with the DO( E Electric II %britd Vehicle'lcd~

and Evaluation Proceduare. Appendix E uof NIERA lW( M Report 2244t."

1. [Range Testm at (:onsant Speed. Range- tests atl contIant specdl ue varriedl

out at U4) kim/h (25 mi/hi). 56.3 kmu/h (35 mi/lu). and 70.8 km/li (i ti/1m): sJWVOd- uscrc' 1held

constant wuithin :k 1.6 km/h 0I 11101. and the test ias termniiaeol %shvn time %eielde comuldl
no longer mlaintain 95 pecn (of thle de4signlated test s 4e4l.

2. Range Tests Uinder Driving Scheditlem. Tlhe 32.2-km/h j2I-mmiilii. SFl J227;t.
schedule B. was run tharre times %sith this vehicle. ( umuujletu. elesriptimms of* the u ulv te-st

priedurs are given in Appe-ndix E~ of Nl JRU~X)O Report 22 t 1)

Vi. . Jr.; ii . KrHaA,- j, *u1, H, l1 111A.i.HI,.[. .1 11.,,.1 N M.

YI riv awld.ril. V %H M H-.r 2tM ,PT1



3. Acceleration and Coast-Down Tests. The acceleration-coastl-down tests %ere
performed continuously until the battery was dlischargedl. D)ata were recordied on at)
analog. mlagnefic-tape recorder and later digitized, and calculations were performe~i on a
CDlC 66WK compuiter. D~ata were tabulatedI for three states of charge. Coasi-down dlata
were takenm following each maxi niun-acceleration runi with the tranismission ini neutral.
The coast-4lowmI speed versuis linme plot is shown in Figure 10 and the dlata points are

tabulatedl in Appendlix C.

4. Braking Tests. The braking, tests were run on fte level. straight portion
of the N ER.Al)C( )M loop. to conformi to the l)( )l Electric andl lluridi Vehicle T'est andl
EvaluationI Procedure: 2.8.8.3.2.5, Conmtroll Forces. UInless otherwise specified. the force

appliedl to a brake control is iiot less than 15 Ilif. mot1 more than 150 IV. a04l the max-
ilnun allowable stopping dlistamices are tabidledl in Tabile :3.

VEL VEL
KPH MIPH

88 55

so0 50

72 -- 45

64 -4- 4

56 -- 35

48 -- 30

40 -- 25

32 -- 20

24 - 15

16 - 10

8 5

0 5 101520 25 3035 4045 50 5560 65 70 75808590 95 1;o\0
TIME (SECONDS)

Figure 10. Coast-down speed versus time.
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Table 3. Stopping Distances

Vehicle Test Speed Maximum Stopping Distance
(mi/h) (t

30 69

35 110

40 144V

45 182

50 225

5. Tractive Force Tests. The niaxintunt-grade capability of the test vehicle was
determinted fromn tractive force tests ity towing an M8 light, field dlynamtometer at 1.6
kiii/li (1 mii/li). while (lhe test vehicle was being driven with wide-open throttle. The force
was mieasured byv the dlynamomieter instrumentation from the load cell attached between
the vehicles. The test was run with the batteries 0. 40. and 80 percent discharged.

VII. TEST RESULTS AND) DISCUSSION

1. Range. The diata collected frorn all range tests are stntnartze( inl Table 4
(SI Units) and 'Table 5 (English Units). The tables show the test data, typ~e of test, en-
vironniental conditions, ranige-test results, and energy into the charger. These data are
uised ito deternmine vehicle range anid energyv economy.

2. Maximumt Speed. The niaxinii speed of the vehicle was measured dutring the ac-
celeration tests. The measured niaximnuni speed was 85.3 kimi/li (5:3.0 ini /h) for this vehi-
cle.

3. Maximjum Accleration. The maximnum acceleration of the vehicle was ineasure1
w ith ile( batteries fully charged. 44) percent dlischargedl, andl 80 percent discharged. The
results of the tests arte shown in the curves of Figure I1I and are tabulated inl Appendix C.
Trhe average acceleration. 5,* was caluclated for the time poeriod I 1 .t ,, .weeth ei

cle speed increased fromt V, Ito V,, from the equation.

- Vft Vn-I

11 n-t

13
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90 60

VELOCITY VS TIME

80 '50

64' 40

4 DISCHARGE 30 t-

80%

16 10

0 5 1,0 ... 15, 20 2 5, 30 '35 40 45.. . . . .. 5 600

TIME [SECONDS)

Figure 11. Acceleration test results.r

and( thle average speedl of the vehicle V, was calculatedI front thle equation,

Average acceleration as a function of sp~eedI is shown in Figure 12 and tabulated in
A.ppendix C. Thle dips in the curvNe occurred at the shift points. Note that at the second
shift point of the 40-percent dlischarge run. the acceleration goes negative to -0.43 mits'
(1.52 ftls2 ).

4. Grdaiiy The niaxinntm vehicle speed onl a specific grade is dletermlined front
niaxitnim acceleration tests by~ using thle equations:

(;rad('alility. G. at a speed, V.in kroi/h:

G =100 tan (sin-' 0.1026 li,,) 01:

or in English units at a speed. V . in mi/h:

G 100 tan (sin"' 0.455 b,). 010

16
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3.6 o4O2

3D [ B~ 10

28
26

2 .0t 7

_ . 6
.L 5
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Ci 1.0-

0.83
0.6 2
0.4-- - -

0.2-1

40 0 4 72 80 0 06 104 112
162 M-4l6

-0.4 __________________

0 [MR1 5 10 15 20 25 30 35 40 45 50 55 60 65 70
LHRA VELOCITY

Figure 12. Average acceleration as a function of speed.

where:

I) acceleration in meters per second squared (II/S2) or mi/h/s in) the English
system.

The resulting maximum gradle the Electra Vato can negotiate as a function of speed
is shown in Figure 13 and is tabulated in Appendix G.

5. Gradeability Limit. Gradeahility limit is defined by the SAE J227a p~rocedlure
as the nmaximum grade on which the vehicle c-an just move forward. Thue limit is dleter-
mined by measuring the tractive force with a load cell while towing a second vehicle at
about 1.6 kmi/h (I mi/h). It is calculated from:

PI
(;radeability limit in percent 100 tan sin'- -)

or in English units:
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Figure 13. Results of gradeability tests.

(;radcabi lily I lmt in pervnt= I (H0 tanl sin"

w~here:

i, rractiv'e forc*e in neiwtons~. N ( Ilf).
W Gros vehj4dk weight in kg, 01.).

'ihe traetlhe foires~ ihat thle Jet V;1l 1000 was capabile of exertinig for three

stales (of batters' discharge were:

0% D~ischiarged - 8388N (1885 Ibf)
,U070 I)iSchiaroeil - 7676N (1725 IHof)
80% D~ischargedI - 7 14)A 11605 hIbf)
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All tests were performed in first gear. At a i'ehiele test weight of 2671 kg

(5875 11), the resulting gradeability limiits were:

007 D~ischarged - 33.9010

40/70 D~ischarged - 30.7%

80%/ D~ischarged - 29.6%/

6. Road-Energy Consumption. Road energy is a ineasure of the energy' conisumled

in overcoming the vehicle's aerodynamic and rolling resistance plus the energy consumled

in the differential drive shaft andI the portion of the transmission rotation when in

neutral. Road energy is obtained durinig coast down with the differential being drivent

olyi byv the wleels.

,rlit road energy consumied by the vehicle at various speeds and~ the lo~sse~s in the

differential were deterniihied fromi coast-down tests. Road-energy consumption (E,.) is

calculated as niegajoules per~ kilometer fronm the following equation:

E 2.78X 10-4 W Vn-1 - vn Mi
In - n-1 k

or in EngriSlish uits:

En 9.O7X1O5'W Vn- -V kWh
In In-I mi

where:

V Vehile speed~4 in kiti/l (ini/h)
I Time (S)

The results for thie road-energy determiination are shown in Figures 14 and 15

and are- tabulated in Appemdix C.X

7. Road-Power Requirements. The road power is a measure of vehicle aeru,

dyniamic andu rollig resistance plus the differential. drive shaft, and a portion of the

transmission' s power" loss.
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The road plower, P1., required to proil- a vehicle at varionsI qwrds is aIs~l deler-
miined from tihe eoast-dowri tests. The following equ~ations are tued:

v 2  _V 2

Pn= 3.86X 10-5 W n-1 n M;
tn - n-I

or inl Eniglishi unuits:

P = 6.O8X]O 5'W n-1 ~V hp.
tn - n-i

Thoe resul~ts of road-power calcul~ations are showii ill Figure 16 and are tabulated ill
Appendix G:
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Figure 16. Road-power requiremtents determined from the coast-down tests.
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8. Indicated Energy Consumption. The vehicle indicated energy consumption is
defined as ice energy requliredI to recharge the battery after a test divided by the vehicle
range achieved during the test where the energy is measured as the input to the battery
charger.

T'he energy input to) the battery chtarger was measuredl with a residential kilowatt-
hour mneter following each range test. Some overcharge of the batteries was usually
required in order to) assure that all cells of the batteries were fully charged an(I tie pack
was equalized. The energy usage was basedl on field dlata acquired with ait on-board
lA'Ster Corporation charger. The results appear in Tabmles 4 and 5.

9. Braking Capability. The results of the dIrv straight-line braking tests are given in
Table 6. Trhe vehicle inet all dIrv braking criteria.

Table 6. Braking Capability

Speed Distance Pedal Pressure

(k/h) (mi/h) (in) (ft) (N) (lbf)

48.3 30 17.6 57.7 631.9 142

56.3 35 25.1 82.5 649.7 146

64.4 40 34.6 113.7 605.2 136

72.4 45 43.3 151.9 623.0 140

80.4 50 50.6 166.0 623.0 140

I2 2



VIII. COMPONENT PERFO RMANCAE .ANl) EFFIC:IENCY

1. Battery Characteristics.

a. Manufacturer's Iuta. The Electra Van I (XM) used 24 0-i olt batteries inlaituIfac-
Itired by GlIobe Uinion. These batteries were hand-built 1prototi iw.. aiid according Ito the
vehicle suminary data she~et provided byv the nainufacturer, were rated atl 150) i for a
2-hour discharge. Appemidix 1) gives a ftiller discuissioi (of [te batterie..

b. Battery Acceptance. Prior to initiation of road tests. the batteries pjil
b~v the vehicle nnanufaturer were tested for battery eapaeitv and iteriinal iteity1 at,
speeified inl Appendix E of MERADC( M Report 224416 The capacity check was Per-
formied with a thyristor controlled dliseharge unitc rhe battery system lise-(] for tihe vehicle
was discharged at 75A as seen inl Figure 17. Appendix 1) gives further detaik.

2. Constant Vehicle Speed Battery Performance. I)tiring the( road tests. batterN
current and mnotor voltage were fllonitoredl constantly. Since the battery. controller. aid
motor uunit (w ithi its free-wheel diode, forward and reverse contactors. anld braking diode)
nmade upl a high-current closed loop1 and ftle motor unit was constructed so as it) iiiake ill-

serting a shumnt for current iionitor difficult. battery current was muoniturell amid iAafr
assurmedl to lbe equal to mnotor (or miore accurately to miotor unit) cuirremit.

ruhe constant speed huatterv 1ierformiarce (of the jet %',III 1((m) is tgii en ill
Figures 18 and 19).

3. Battery Performance - Driving Cycle. Trhe battery current. %ollage. voiwer.
andI velocity averaged over (te first thiree cycles and next to the last three cycl-es of the
25 (ONe 78 "B"' cycle start-stolp test are given in Figures 24) through 25. Trhe dlata, in these
graphs are obtainied toy averaging the first three ees l(averaginig the three eyebe ts
before the last cycle. rlite Figures 20. 21, and 22 give these averages for proputlsion
battery current. voltage, and Power. Figure 23 shows ill dletail thel average of the ielovitv.
(if the first three cycles and the next to the last three cycles. Figures 24 amid 25 show theme
averaged velocities separately to include coastinig andl braking.

IX. VEIIhILE REt].* IiLITY

No miajor problemis with the( vehicle were encountered except for the imitial battery
problenis.

EIirr t.,.ngr %rhid.I. %IIKHIAIM rIii .. n 2214I oa, 1-178i.

I.Irvir-,hrmi*al j1,,, , N S,.rr-- I'rjn.,'gn. Nr, bm..' n rnal ,f th. L.i, u.,,) ,.u, 'i. I2
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APPENDIX A

VEHICLE SUMMARY DATA WORKSHEET

1. Vehicle Manufacturer Name and Address

Jet Industries. linc.
2327 East Ben White Blvd.
Auistin, Texas; 78741
31 2-3854060)

2. Vehicle Description

Nanie: Electra Van
Modxel: l(XX)I

Price: 81I0.6W0

3. Vehicle Weight

Owul) Wt: 4875
1Pa~load Wt: I (XX) l1)
Gross Wt: 5873 1lb

-1. Vehicle Size

Wheelbase: 109 in.
length: 176 in.
Widlth: 79.82 in.
lleMalrooni: 47.17 in.
IAegroxonI: N/.A
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5. Auxiliaries & Options

No. ILidhts: 10
a. IHead: Parkinga: Ttirn Si,,nah: Running: /

1). Brake: Tail Ba.k-iijp

\Windie-ld itIer: N',

)eftroster: N .

Heater: N e-

Radio: No
Fuel ;di'e: le-

.nllipnler: 1er N,

Slovedonm.ter: N vs
( hiletehr: Ie.

No. Mirrors: ;1

Iier Steeriiig: No
4 ouer Brake.s: No
Iranimi.,,,,,ion 'l' le: "'Fhrec-Sj iet Manual

6. Propulsion Batteries

l'pe: Lead .Acid

Mantis.lfastmi re r: (6;olwe Inion
No. (of Mothile: 4
No. (Cel.-: 72

Batter X oltage: I I
..\ II Calparily: 150 A h

lattery Size: 10-5/16 in. N 7-2/16 in. !1 I10i in.
Batten Wl: 70 Ip

Batterv A'Cge: N ew
Ihartery Rate: 2 hr

l;latlhr (C.les: I0

30



7. Auxiliary Batttery

Ty pe: L ead Avid
Mantifaturer: S(; L

No. Cells: 6
Baittery Vo4ltage: 12

Al apacity: 60 All
Batteny Size: fir-I1/ 16 in. X 10-1/16 in. X 12 i.

1ltutterv Ra~te: NIA

8. Controller

Voltaget Rating: Il44
Current Rating: V ariable 100-35(1)

Size: I I iii. X 16 in.X 7 in.
Weight: 8( 1 l

9. Propulsion Mo)tor

M~ainfacturer: G eneral Elei 'ric

V'oltage Ratintg: 165 V. Max
Currevit Rating: 1 hir 175 A
111) Rating: 28 at 31900 rlniin

Size: I I in. D iamieter. 18 /-in. L ong
Weigh~t: 255 Iii

Ratedl Speed: 39(00 r/nii

10. Body

Type: Vill
1amifacturer: Chr Iirer

Type: Sill- Steel
No. Winilows: Sewen

NO. Seats: Two4

Tl'v: lijieket Seats

Cargo Vo~lumne: 208 ft'
CargoI D imensiis: 11 7.3 in. L.. 65.3 in. W. 417.1 in. 11
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11. Chasi

Type F'ramie: I ni.steel
.Manuif'acturer: (lIirsle-r
Typie Miaterial: Steel
Modi~ificationis: None

'yeSprings: Led ~ Springs
Ty pe Shiocks: Regualar

Axle Type Front: Straight
Axle Type Rear: Straight
Axle Manufacturer: Chr,,sler
D~rive Line Ratio: :3.5.5
Ty'pe Brakes Front: D isc
Type Brakes Rear: IDruaa
Regenerative Brakes: No
Tire TVpe: Bias Ply
Size: 57OX 15
Pressure: 50 [1)f/ i 1

2

Rolling Radius: Mi/3

12. Battery Charger

Tyvpe: Variable V~olt

Mauaurer: Lester
(On or Off Board: Off
Input Voltage: 22(0 V
Peak Current: 30) A
Recharger Time: Yes. 12 hir
VWeight: 1510 li
Awi~oiIati( Tuarni Off: Yes
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APP'ENDIX B

VEHICLE PREPARATION AND) TEST PROCEDURE

Wheni tw he eivh'l %as rea'eiwd l FIort BcI~ air..NI ERA I )C(N )M it imiheir of ehetcks wetre

maa le Iii &issi thIiat it %% as rvaql I a r lierfora in flete.t . I'lit-sc cil(k.isiA're reea irat le(Ioil a

which elehral mrat jam eheck sliat-1. The'ia l a wht %as exalmita f lar piih steal ala mage- up on a r-

ri% ai. lie fairet da' %e taic %a a paratea . at vi sia chec-k % a its maai of ad lie e itr re cah ieif-. Tiia

batterv was el argefalindl sjiic graitivs l%etrv takemi toi atariiinc if thev batri-s wre

cepjlidea. If nt. atil e-qialii g elharge- -,%as aopit [te I i te I at trics. T he it ntt-r of adih

internal intcr'omicienasi anal the, Iia~ta'rN teriials %%as eliaekeAl li% alraw in", 3M4 A air the

vtehii'a manmuifaeit i r's mla ximumi n alot- IaiwaI nrrviit Iraom tlie b at ten foa r 5 ini i. If Owli

liat ten te-riinal air intera imim~ieet jam vtanipierat im rs raosa' mia re t han 66 C() a I a w aniiiit.

the Itest %as tariniialtea aml 11e terinimals i ere alacal4 air the- batta'rN was ra',laa'ea. 'Ih'li

iatenies wa'ra reechargeal. anal at liatta'ri-eapaait% cheeck %~as miaala'. This ta'st ii as mimla ill

aacco rane -ma'with it ' ia tta' n mu iifaCt ii rrra'a' To pli a t au~. a -ias this ta'st. t ha

capac'ityv haad ta lit- wit li 20) 1w'raa'mit a(if iianmiifaa't iirar's iliisha'ad I a iaa'i t at t ha'

liii liiisla'a Irmate-.

'Tha' %hliva'I a Ii"111,1 %m iamit'~as aIia'a'ka' I. caa a ii l r'. amad coamaira'taa to iv maimtifact mira'r'

ra'a'aim141iima'al'a alipminimi i alut-. 'Iheia wahiiala %% as %4aightiama l aaimiaara'I 1% ith tha'

iiamifaa'tmnar's '.;ua'ifia'aI a'ti l%aiglit. 'I'Iia' groiss wahicv a'vi'im 1% a- ala'a'niimia'al Ii

miaiifacitira'r's rata'I pia ladaa.

Each diayi. ha'far ir'at.t s. a iiii im 'r a(if uorat- t a liaak uva'ra' mu aa I mia a' rvi na I i t, wh'lii-

ch.a adIat a Shi4.4-'. 'l'hi'sa a ata imha' lia la'a

)I .a',.raga' spavaifiav grais itW-afaira aml afta'r ta-t.

(3) Fifthi wlla'aI tire' jira'ssira'.

(0 'Ia't-star lima'.
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(7) Test termination tinie.

(8) Fifth wheel distance count.

(9) ()doneter reading before and after each test.

(10) AC kw used for recharge.

(I1) )( amlphours into batterv on recharge.

ro prepare for a test, the specific gravities are measured and recorded. The tire

pressures are measured. The instrumentation is connected, and power from the instru-

mentation batlerv is applied. All instruments art turned oin and warmed up, and all data

channels are calibrated. he vehice is towed to the starting point on the track. Weather

data are recorded. odometer reading is taken. The test is started and is carried out in ac-

cordance with the )()E test and evaluation procedure. When the test is terninated, the

test team makes all lhet- prolwr checks and records all data on tile data test sheet for the
jalr'. te'st.A flter all cheeks art- made. ft-e ehiele is towed baek 1) thle charge station anld

plhced on charge for lhe next day's test.

M leasur mlnents of wind vehcity and direction and ambient tenerature were taken at

the beginning and al the cd of each day's testing. The local weather station was tised for

all weather data.
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Coast-Down Data

Time Velocity

(s) (km/h) (mi/h)

0 84.3 52.4
3 80.6 50.1
6 77.1 47.9
9 73.2 45.5

12 70.0 43.5
15 65.8 40.9
18 61.6 38.3
21 57.9 36.0
24 54.7 34.0
27 51.3 31.9
30 48.4 30.1
33 45.5 28.3
36 43.1 26.8
39 40.5 25.2
42 38.1 23.7
45 35.7 22.2
48 32.8 20.4
51 30.) 19.0
54 28.2 17.5
57 25.7 16.0
60 23.0 14.7
63 21.2 13.2
66 19.1 11.9
69 17.4 10.8
72 15.4 9.6
75 14.0 8.7
78 12.1 7.5
81 10.3 6.4
84 8.4 5.2
87 6.3 3.9

90 4.2 2.6
93 2.6 1.6
96 0.80 0.5
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Speed Vs. Time (0% Discharge)

Time Velocity

(s) (km/h) (mi/h)

0 0 0
0.2 5.26 3.27
0.6 10.52 6.54
1.3 15.80 9.82 r
2.2 21.06 13.09
3.3 26.23 16.30
4.5 31.50 19.58
5.7 35.59 22.12
6.6 35.59 22.12
7.2 36.86 22.91
9.0 42.12 26.18

11.1 47.39 29.45
13.8 52.65 32.72
17.4 57.92 36.00
24.9 63.19 39.27
26.4 63.19 39.27
30.3 68.45 42.54
35.4 73.72 45.82
41.7 78.99 49.09
54.6 84.25 52.36
55.3 85.31 53.02
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Speed Vs. Time (40% Discharge)

Time Velocity

(s) (km/h) (mi/h)

0 0 0
0.4 5.26 3.27
0.96 10.52 6.54
1.8 15.80 9.82
2.52 21.06 13.09
3.6 26.23 16.30
4.68 31.50 19.58
4.80 32.15 19.98
6.0 32.15 19.98
7.2 38.86 22.91
9.0 42.12 26.18

10.98 47.39 29.45
13.8 52.65 32.72
15.06 55.00 34.22
15.72 54.14 33.(-,5

18.0 57.92 36.00
21.48 63.19 39.27
24.6 68.45 42.54
28.56 73.72 45.82
34.2 78.99 49.09
43.2 84.25 52.36
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Speed Vs. Time (80Y; Discharge)

Time Velocity

(s) ( km/h ) ( mi/h)

0 0 0
0.72 5.26 3.27
2.4 10.52 0.54
3.6 15.80 9.82

4.80 21.O 13.09
6.06 26.23 16.30

7.62 31.50 19.58
9.36 36.86 22.91

11.7 42.12 26. 18
15.0 47.39 29.45
19.32 52.05 22.72
19.8 53.21 33.07
21.6 53.21 33.07
24.66 57.92 36.00
30.06 63.19 39.27
38.04 68.45 42.54
50.04 73.72 45.82
54.6 75.40 46.86
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Acceleration Vs. Velocity Jet 1000
(0'4 Discharge)

Velocity Acceleration
(km/h) (mis 2

10.52 3.17
26.23 1.31
32.57 0.93
35.51 0
36.86 0.735
42.12 0.805
52.65 0.400
62.12 0.164 V
66.36 0.341
76.46 0.232
82.65 0.080
85.29 0

Velocity Acceleration
(mi/h) ( ft/s2

6.54 10.4
16.30 4.31
20.24 3.05
22.07 0
22.91 2.41
26.18 2.64
32.72 1.53
38.61 0.537
41.24 1.12
47.52 0.761
51.37 0.264
53.01 0
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Acceleration Vs. Velocity Jet 1000
(40'I Discharge)

Velocity Acceleration
(kin/h) (n/s 2-

10.52 2.19
21.0o 1.64
28.32 1.23
32.04 0
33.t 0.872
47.3) 0.735
52.o5 0.488
54.75 -0.43
57.92 0.491
73.72 0.303
78.99 0.182 '
83.19 0

Velocity Acceleration L( m i/ h ( t t/, , )

0.54 7.20
13.09 5.37
17.00 4.02

20.88 2.86

29.45 2.41
32.72 I.o0
34.03 -1.52
36.00 I . I
45.82 I.19
49.09 0.597
51.70 0
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Acceleration Vs. Velocity Jet 1000

(80% Discharge)

Velocity Acceleration

(kmi/h) (111/S2

5.26 1.22

21.06 1.16
31.50 0.920

47.39 0.378

53.20 0
57.92 0.338
65.82 0.187
71.09 0.123

75.51 0

Velocity Acceleration

(mi/h1) (ft/S2

3.27 4.00

13.09 3.81

19.58 3.02

29.45 1.24

33.06 0
36.00 1.11
40.91 0.615

44.18 0.403

46.93 0
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Percent Gradeability At Speed

(0%: Discharge)

Velocity

kn/h mi/h '/, Gradeability

10.52 6.54 25.62

2o.23 16.30 12.40

35.59 22.12 0.00

42.12 26.18 7.67

52.65 32.72 4.52

57.92 36.00 2.61

68.45 42.54 3.32

78.99 49.09 1.72

82.65 51.37 0.83

85.31 53.02 0.00

(40'7( Discharged)

10.52 6,54 20.26

21.06 13.09 16.78

32.15 19.98 0

36.86 22.91 9.98

42.12 26.18 9.9F

52.65 32.72 4.96

54.75 34.03 -4.27

57.92 36.00 3.81

68.45 42.54 4.96

73.72 45.82 3.31

78.99 49.09 1.98

82.82 54.47 0
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Percent Gradeability At Speed (Con t'd)

(80% Discharged)

Velocity

km/h m/lh §Gradeability

5.76 3.27 12.51

21.06 13.09 11.92
31.50 19.58 9.40

47.39 29.45 3.85

53.21 33.07
57.92 36.00 3.45

65.82 40.91 1.91 I

71.09 44.18 1.25

75.40 46.86 0
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Road Energy

Velocity Road I nergy

km/h mi/h MJ/kli kwh kVh

(0'", Discharged)

78.99 49.09 0.072 0.258 0.415
68.45 42.54 0.004 0.232 0.374
63.19 39.27 0.007 0.242 0.390
47.39 29.45 0.059 0.214 0.344
36.86 22.91 0.051 0.182 0.293

26.23 10.30 0.047 0.170 0.274
15.80 9.82 0.041 0.148 0.130
5.26 3.27 0.043 0.153 0.135

(40"1( Discharged)

84.23 52.35 0.072 0.258 0.415
63.35 39.37 0.049 0.177 0.285
57.92 30.00 0.044 0.157 0.252
50.02 31.09 0.044 0.160 0.257

31.50 19.58 0.049 0.177 0.285
21.06 13.09 0.044 0.157 0.252
10.52 6.54 0.042 0.150 0.242
2.64 1.64 0.032 0.115 0.185

(80We Discharged)

71.09 44.18 0.067 0.241 0.388
65.82 40.91 0.053 0.190 0.306
44.76 27.82 0.050 0.181 0.291
34.13 21.21 0.048 0 .173 0.278
23.70 14.73 0.034 0.124 0. 199
13.16 8.18 0.026 0.094 0.151

5.26 3.27 0.024 0.088 0.142
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Road Power

Velocity Road Power

km/h mi/h kW hp

(0'X Discharged)

78.99 49.09 20.35 27.27
68.45 42.54 15.93 21.35
63.19 39.27 15.22 20.40
47.39 29.45 10.13 13.58

36.86 22.91 6.71 8.99
2 .23 16.30 4.48 6.01
15.80 9.82 2.33 3.12
5.26 3.27 0.808 1.08

(40',; Discharged)

84.23 52.35 21.74 29.15
63.35 39.37 11.19 15.00
57.92 36.00 9.10 12.20
50.02 31.09 8.00 10.72
31.50 19.58 5.59 7.49
211.0o 13.09 3.29 4.42
10.52 6.54 1.58 2.12

2.o4 1.64 0.305 0.409

(80W; )ischarged)

71.09 44.1, 17.12 22.95
65.82 40.91 12.52 16.78
44.7o 27.82 8.08 10.84
34.13 21.21 5.93 7.94
23.70 14.73 2.92 3.92
13.16 8.18 1.23 1.65
5.20 3.27 0.434 0.622
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I AVG
Jet Van 1000, B Cycle Start/Stop Test

(Average of First Three Cycles)

Time Current Time Current Time Current Time Current
(s) (A) (s) (A) (s) (A) (s) (A)

0.4 47.0 13.2 153.4 26.0 79.2 38.8 34.6
0.8 71.8 13.6 151.0 26.4 81.7 39.2 37.1
1.2 , 79.2 14.0 151.0 26.8 81.7 39.6 14.8
1.6 89.1 14.4 158.4 27.2 79.2 40.0 12.4
2.0 108.9 14.8 165.8 27.6 69.3
2.4 106.4 15.2 155.9 28.0 71.8
2.8 99 15.6 136.1 28.4 71.8
3.2 101.5 16.0 133.6 28.8 74.2

3.6 96.5 16.4 123.8 29.2 74.2
4.0 96.5 16.8 121.3 29.6 76.7

4.4 99 17.2 126.2 30.0 76.7
4.8 91.6 17.6 126.2 30.4 79.2
5.2 86.6 18.0 123.8 20.8 79.2
5.6 81.7 18.4 99 31.2 79.2
6.0 79.2 18.8 91.6 31.6 76.7

6.4 81.7 19.2 104.0 32.0 76.7
6.8 84.1 19.6 111.4 32.4 64.4

7.2 94.0 20.0 108.9 32.8 59.4
7.6 106.4 20.4 101.5 33.2 59.4

8.0 111.4 20.8 108.9 33.o 61.9
8.4 108.9 21.2 108.9 34.0 04.4
8.8 104.0 21.6 106.4 34.4 64.4
9.2 101.5 22.0 91.6 34.8 66.8

9.6 101.5 22.4 91.6 35.2 66.8
10.0 96.5 22.8 89.1 35.6 59.4

10.4 96.5 23.2 89.1 36.0 47.0
10.8 99 23.6 89.1 36.4 47.0
11.2 111.4 24.0 89.1 36.8 47.0
11.6 116.3 24.4 89.1 37.2 47.0
12.0 123.8 24.8 81.7 37.6 42.1
12.4 126.2 25.2 81.7 38.0 34.0
12.8 146.0 25.6 81.7 38.4 34.(,
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I AVG
Jet Van 1000, B Cycle Start/Stop Test

(Average of Next to the Last Three Cycles)

Time Current Time Current Time Current Time Current
(s) (A) (s) (A) (s) (A) (s) (A)

0.4 19.8 12.4 141.1 24.4 86.6 36.4 76.7
0.8 52.0 12.8 138.6 24.8 84.2 36.8 76.7
1.2 91.6 13.2 133.6 25.2 84.2 37.2 76.7
1.6 121.3 13.6 133.6 25.6 84.2 37.6 27.2
2.0 131.2 14.0 128.7 26.0 89.1 38.0 9.9
2.4 141.1 14.4 126.2 26.4 104.0 38.4 12.4
2.8 148.5 14.8 133.6 26.8 106.4 38.8 29.7
3.2 143.6 15.2 131.2 27.2 84.2 39.2 34.6
3.6 131.2 15.6 128.7 27.6 76.7 39.6 27.2
4.0 136.1 16.0 136.1 28.0 79.2 40.0 24.8
4.4 136.1 16.4 136.1 28.4 84.2 40.4 22.3
4.8 146.0 16.8 133.6 28.8 79.2 40.8 22.3
5.2 151.0 17.2 133.6 29.2 54.4 41.2 14.N
5.6 146.0 17.6 133.6 29.6 52.0 41.6 14.8
6.0 146.0 18.0 136.1 30.0 49.5 42.0 0
6.4 151.0 18.4 146.0 30.4 49.5
6.8 153.4 18.8 146.0 30.8 61.9
7.2 153.4 19.2 143.6 31.2 74.2
7.6 136.1 19.6 141.1 31.6 74.2
8.0 133.6 20.0 138.6 32.0 76.7
8.4 133.6 20.4 136.1 32.4 76.7
8.8 133.6 20.8 133.6 32.8 79.2
9.2 133.6 21.2 131.2 33.2 86.6
9.6 136.1 21.6 131.2 33.6 89.1

10.0 133.6 22.0 128.7 34.0 89.1
10.4 128.7 22.4 108.9 34.4 89.1
10.8 126.2 22.8 104.0 34.8 80.6
11.2 126.2 23.2 101.5 35.2 86.0
11.6 126.2 23.6 96.5 35. 79.2
12.0 141 . I 24.0 96.5 36.0 79.2
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Battery Voltage (AVG)
Jet Van 1000 B Cycle Start/Stop

(Average of First Three Cycles)

Time BV Time BV
(s) (V) (s) (V)

0.4 15.04 38.0-39.2 147.1

0.8 149.3 39.6-40.0 148.2
1.2 147.1 40.4-41.2 149.3

1.6 146.0
2.0 143.8

2.4-4.0 142.7
4.4-6.0 143.8

6.4-8.4 142.7
8.7 141.6

9.2-10.4 142.7
10.8 143.8

11.2 142.7
11.6 142.7
12.0 141.6
12.4 141.6

12.8 140.5
13.2 141.6
13.6 140.5
14.0 140.5
14.4-15.2 139.4
15.6-16.8 140.5

17.2-18.0 139.4
18.4-19.2 141.6
22.4-26.0 142.7

26.4-27.6 143.8
28.0-29.2 144.9

29.6 143.8
30.0-30.4 144.9
30.8 146.0
21.2-31.6 144.9
32.0-37.,) 146.0
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Battery Voltage (AVG)
Jet Van 1000 B Cycle Start/Stop

(Average of Next to the Last Three Cycles)

Time BV Time BV Time BV
(s) MV Ws MV (s) (V)

0.4 139.4 13.6-14.8 109.8 33.6 114.2
0.8 136.1 15.2-16.4 108.7 34.0 113.1
1.2 131.2 16.8-18.0 107.6 34.4 113.1
1.6 126.2 18.4 106.5 34.8 112.0
2.0 120.1 18.8 105.4 35.2 112.0
2.4 118.6 19.2-20.4 104.3 35.6 112.0
2.8 16.4 20.8-22.4 105.4 36.0 113.1
3.2 114.2 22.8 107.6 36.4 113.1
3.6 115.3 23.2-24.4 109.8 36.8-38.0 114.2
4.0 114.4 24.8 112.0 38.4 127.3
4.4 115.3 25.2-26.4 113.1 38.8 128.4
4.8 115.3 26.8 110.9 39.2 128.4
5.2 114.2 27.2 108.7 39.6 126.2
5.6 112.0 27.6 108.7 40.0 126.2
6.0 112.0 28.0 115.3 40.4 128.4
6.4 112.0 28.4 114.4 40.8 128.4
6.8 110.9 28.8 114.4 41.2 129.5
7.2 110.9 29.2 115.3 41.6 129.5
7.6 109.8 29.6 118.6 42.0 132.8
8.0 113.1 30.0 120.7 42.4-44.0 133.9
8.4 113.1 30.4 120.7
8.8 113.1 30.8 121.8

9.2 112.0 31.2 120.7
9.6 112.0 31.6 118.0

10.0 110.9 32.0 116.4
10.4-12.4 112.0 32.4 115.3
12.8 109.8 32.8 115.3
13.2 108.7 33.2 115.3
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Power (AVG)
Jet Van 1000 B Cycle Start/Stop

(Average of First Three Cycles)

Time Power Time Power Time Power Time Power
(S) (W) (S) (W) (S) (W) ( (W)

0.4 7469 12.4 20396 24.0 11778 35.o 6(07

0.8 10342 12.8 2039o 24.4 11491 31()0 6607

1.2 11203 13.2 20109 24.8 )1778 3t).4 ,607

1.6 12352 13.6 20971 25.2 11204 3o.8 5745
2.0 13789 14.0 21545 25.6 11491 37.2 4884
2.4 13502 14.4 22 94 26.0 11491 37.1) 4884

2.8 13502 14.8 19543 2o.4 11204 38.0 4884

3.2 13502 15.2 18385 2t.8 10c,29 38.4 5171
3.6 12927 15.o 18385 27.2 10342 38.x 5458

4.0 13214 16.0 17811 27.o 10054 39.2 3734
4.4 12927 16.4 16087 28.0 10(o29 39.o 0

4.8 12352 16.8 1694) 28.4 1O629 40.0 0
5.2 11778 17.2 16949 28.8 109lo
5.o 11203 17.6 15225 29.2 10916

0.0 11203 18.0 13789 29.o 10629

0.4 11491 18.4 1378) 30.0 1096l
0.8 13789 18.8 143o4 30.4 11204
7.2 14651 19.2 14364 30.8 1 1204
7.o 15225 19.o 15800 31.2 10916

8.0 1451 20.0 15800 31.o 10054
8.4 1407o 20.4 15513 32.0 8331

8.8 13789) 20.8 14938 32.4 83,31

9.2 13214 21.2 13214 32.8 8905
10.0 12927 21.6 13214 33.2 8905

10.4 14364 22,0 f 2)27 33.1 9 1

10.8 14938 22.4 1 '1)_7 34.0 9193

11.2 15513 22.8 12353 34.4 9480
I 1.o 16662 23.2 1-2,4() 34.8 9480

12.0 17811 23.(6 2o40 35.2 6894
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Power (AVG)
Jet Van 1000 B Cycle Start/Stop

(Average of Next to the Last Three Cycles)

Time Power Time Power Time Power Time Power
(s) W) (s) (W) (s) (W) (s) (W)

0.4 2298 10.4 13214 20.4 13789 30.4 5458
0.8 5171 10.8 12927 20.8 13502 30.1 6320
1.2 8331 11.2 12927 2-1.2 13214 31.2 7756
1.6 9767 11.6 13214 21.6 13214 31.6 7756
2.0 11778 12.0 14363 22.0 13214 32.0 8044
2.4 12640 12.4 14076 22.4 10916 32.4 8044
2.8 13502 12.8 13789 22.8 10629 32.8 8618
3.2 13214 13.2 13502 23.2 10342 33.2 9193
3.6 12353 13.6 13214 23.6 10054 33.6 9480
4.0 12977 14.0 13214 24.0 10054 34.0 9480
4.4 12977 14.4 12927 24.4 9193 34.4 9480
4.8 14938 14.8 13502 24.8 8905 34.8 9193
5.2 14363 15.2 13502 25.2 8905 35.2 8905
5.6 14076 15.6 13214 25.6 8905 35.6 8331
6.0 14363 16.0 14076 26.0 9480 36.0 8044
6.4 14651 16.4 13789 26.4 10916 36.4 8044
0.8 14651 16.8 13789 26.8 11203 36.8 8044
7.2 14938 17.2 13502 27.2 9480 37.2 8044
7.6 13502 17.6 13502 27.6 8331 37.6 4022
8.0 13502 18.0 13789 28.0 8331 38.0 1149
8.4 13502 18.4 14651 28.4 8905 38.4 143o
8.8 13502 18.8 14651 28.8 8618 38.8 3160
9.2 13502 19.2 14363 29.2 6033 39.2 3735
9.6 13789 19.6 14363 29.6 5745 39.6 3160

10.0 13502 20.0 14076 30.0 5745 40.0 2582
40.4 2298

40.8 2298
41.2 2973

41.6 2585
42.U 0
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Constant-Speed Battery Performance Data

First 2517( Last 25';

25 mi/h
Range Run
(26 Oct 78)

AVG 1 84.5 A 88.0 A
AVGi V 135.4 V 117.9 V
AVG P 11,661.8 W 10,222.7 W

35 mi/h
Range Run
(7 Nov 78)

AVG 1 133.5 A 123.2 A
AVG V 132.9 V 117.8 V
AVG P 18,313.6 W 15,215.0 W

44 mi/h
Range Run
(27 Oct 78)

AVG, 1 233.4 A 204.5 A
AVG V 126.9 V 109.4 V
AVG P 28,262.8 W 20,766.7 W
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APP'ENIX 1)

OVERVIEW OF INITIAL PROPLS1IO N BATTIERY PRO( BLEMS

The Jet Va to 1000 arrikeu I or lve I ctliji I pel 1% iI I ex I ovrimiI it 1aI168.8- %1ii)i Iaterie, (75
f'or 1:35 mill0 hlii had at i ngle-Ioini %% ateril t el ll'- Ittei' ht aA4,ltli.

gra% it,. Iafter cli.Irge) %% Iit' ranged f'rioil 1 .55 lt 1 .250). Initial proiblems arttp' %S ilh
leakage of ectriotIt ite ite iungie-Imiit %ateriiig - %-tin. ldiiig %,ater too lie ibaltvrie
thirough the -inlm~tilt .i teii tanij li lilt itii piroblemi 1% ith Somel of' the celI- hiecaii~m
(if miie% eni %% atirig. The :1-tell batters mtodiiie %% er' grmiltedi %wit1! 6 inl lite 'ft-i miller

thet lim)ti. 8 ill back 41 it' he eat unider tilt- Iltoo Itaril. mnid 1) atl tile- rear iuder tilt floor
hoard. 'Thet frmit 0 %% 're mi, tliltited l hvet'aue tis i-, %% here thle ! il-jmoiwl v ater entered
te i-ten 'I'le( ilext 8 %serte lv-- dilitavol. and lilt- rear Ill %%ere lIighitt, Ie- tijiiteti.

'The chiargt'-ti-l'largt' te-tlig ol tie htatter pack %i a- cmiitlted at't'orliiig to tilt- lortitI'-
tluare- outlim-ed il %i itelllix F.- NI ER % I h )NI epo 22 1-~ L IThewe iit ial te~l- ofl thet

Iitt' i~I 1111 atteri ptark elil Alr of' tit piecifiedi 135 min at a 7.5-11 ca~at'itl. lTe

inillillium reipiretl foir te.tilg atl N1 ER X I X( AA I ,reater thaii 801 itercetil ofil ilftlr

'.Jletiiel cajtavitN it 1141 ilot et onlSv 't'~i ciar.w-dim-ii'Iret. tIIIe'. k ...... l.. al 4*1'*'**i.'*

tiol as %%ell a- atdditionial e edlng of, thet ;tat'k dlid not Itrimlg tivt spireadIo -ei id' grasfi on itie

of a chargedi hatter too %ii ihit tilt- tde~ired :f 01.0101from ale-ragt' ranige. (J bit 1 ii I

g-t-eti Iarioi ellargi' currenlt r'gilies f'or tie itatterit'-. too 110 alail. Gh1(414' 1 iloil tiell

replaced't tilt iiiiiial batterN ptack "tith 21- ne%% Itatteriv,- and 2 loare!. The -iilgle-1 toii
II ateriti" %%-er ta- not ti~lduI'for tis new, hatter tatk Ii aIeaiitI l ftlt tr

1101 tmf iiOt 1 u' Itlt4 it' I t't't~ d i-fi ilt- iw Et11 ii zat it l aii 1141toj-t tff 4'h arg ing 'i a- i erftirllet .

anti tilt- tatteri %,,as tv'-tet l'for eaitat'itl. %%it it'iia iitti agreed't ilpoi li~itel 109.8 %it

175, % ftor I 135 min). 'JTe tattei- olidt uil muakte 80 loo-rteilt 44f tlhi- anij-t'reinmr ratillg fuor it-
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